Objective: TX-004HR is a low-dose estradiol (E2) softgel vaginal insert designed to be rapidly dissolving and mucoadhesive. This report describes the physical attributes and pharmacokinetic parameters of the softgel vaginal insert evaluated for the treatment of moderate to severe dyspareunia due to menopausal vulvar and vaginal atrophy.
D uring menopause, decline in endogenous estrogen production can result in the thinning, drying, and loss of elasticity of the vaginal epithelium, resulting in vulvar and vaginal atrophy (VVA). 1 Up to 69% of postmenopausal women have clinical signs of VVA, 2 and nearly half of women with VVA suffer from dyspareunia, vaginal dryness, irritation, and itching. 3 Although VVA may be progressive without treatment 4 and can significantly impair a woman's quality of life, 5 up to 50% of women are not being treated for their VVA symptoms. 6 Many women are dissatisfied with their current vaginal prescriptions because of insufficient efficacy, inconvenient application procedures, disruption and interference with sexual spontaneity, and excessive vaginal discharge. [7] [8] [9] TX-004HR (TherapeuticsMD, Boca Raton, FL) are 17bestradiol (E2) vaginal inserts containing 4-, 10-, and 25-mg E2 doses; the 4-and 10-mg E2 doses were approved as Imvexxy by the US Food and Drug Administration in May 2018 for the treatment of moderate to severe dyspareunia, a symptom of VVA, due to menopause. 10 The E2 vaginal inserts are small, light-pink, tear-shaped softgel capsules inserted manually, without the use of an applicator. One insert is administered daily for 2 weeks and then twice weekly thereafter; it can be inserted at any time of the day. Inserts of TX-004HR (4-, 10-, 25-mg E2; identical except for E2 content) were clinically evaluated in the 12-week REJOICE trial. Each dose significantly improved the percentage of superficial and parabasal cells, vaginal pH, and the most bothersome symptom of dyspareunia (4 coprimary efficacy endpoint) compared with placebo, with an onset of effect observed as early as 2 weeks and maintained throughout the 12-week study. 11 Vaginal dryness (secondary endpoint) also statistically significantly improved as early as 2 weeks for the 10-and 25-mg doses and 6 weeks for the 4-mg dose compared with placebo. 11 Furthermore, a pharmacokinetics (PK) substudy demonstrated negligible to very low systemic absorption of E2 with vaginal TX-004HR, with no statistical differences observed on day 14 with the 4-and 10-mg doses, and minimal differences with the 25-mg dose in E2 PK parameters versus placebo. 12 The softgel vaginal insert was designed with mucoadhesive properties to facilitate retention of the product in the vagina and availability of the active ingredient in a site-specific manner. Gelatin was selected as the capsule shell based on its mucoadhesive properties from its polymeric structure and for its fast-dissolving properties. Fast dissolution of the capsule is important to release the contents, allow rapid local absorption, and may potentially minimize messiness following administration. In addition, the included ingredients of the capsule were selected to be well tolerated by mucosal tissues and were developed to be viscous at body temperature to resist flow. This product was designed in part to eliminate the need for using an applicator for insertion as required with other vaginal products [13] [14] [15] [16] and to potentially improve patient satisfaction, which has been considered low with currently available treatments, 7 in part based on low rates of continuation. 6 Although data on the safety and efficacy of TX-004HR have been published, 11, 12, [17] [18] [19] how fast the softgel capsule dissolves in vitro and in vivo and whether a difference in position (supine vs ambulatory/seated) after insertion affect estradiol absorption have never been reported. Therefore, the objective of this report was to describe the characteristics and properties of the gelatin coat and the softgel capsule fill as optimized for vaginal delivery, and to summarize in vitro and in vivo evidence on the rapid release of E2.
METHODS

In vitro study
In vitro testing for dissolution of the softgel capsule (25 mg E2) was performed using a USP Dissolution Apparatus Type 3 at 30 dips per minute with the media at 378C. The dissolution apparatus has a reciprocating cylinder design originally developed for testing dissolution of extended-release products or poorly soluble drugs, or those for which pH/buffer changes are required in the testing procedure. 20 Device operation is measured in dips per minute, or the number of times per minute that the inner and outer tubes are moved up and down so that the test product is agitated within the test medium. 20 Samples of the media were collected for six (n ¼ 6) softgel capsules at 15, 30, 60, 90, and 120 minutes after initiation of the dipping, and analyzed for E2 by high-performance liquid chromatography (HPLC).
Effects of body position on E2 bioavailability
Two phase 1 studies were conducted at the Micro Therapeutic Research Labs Private Limited (Tamil Nadu, India) to assess the PK of E2 in healthy postmenopausal women following treatment with a single dose of 25-mg E2 vaginal capsule (identical to the approved 4-and 10-mg vaginal inserts, except for E2 content). The first study was a randomized, open-label, two-way crossover study that compared the bioavailability of a single dose of 25-mg TX-004HR with 25mg Vagifem (Novo Nordisk Inc, Plainsboro, NJ) 21 ; only TX-004HR results are reported here. Participants were randomized 1:1 to one of the possible sequences (TX-004HR followed by Vagifem or Vagifem followed by TX-004HR) in consecutive order using SAS v9.2 (SAS Institute, Cary, NC). Eligible postmenopausal women (n ¼ 36) were 40 to 65 years of age and had a body mass index (BMI) between 18.5 and 30 kg/m 2 ; no VVA symptoms were required. Exclusion criteria included recent use of vaginal (<1 week within enrollment), percutaneous (<4 weeks), transdermal (<8 weeks), oral (<8 weeks), or injectable (<3-6 months) hormonal therapies; recent use of any prescription medication (last 14 days); and current smoking or recreational drug use. The study protocol was approved by the Chennai Ethics Committee and informed consent was obtained from each participant before screening.
After an overnight fast of 10 hours or more, the tear-shaped, softgel capsules with the smaller end up was inserted into the vaginal canal to at least 1 to 2 inches or up to the second finger joint by a trained professional. Participants were required to remain in a supine position for 4 hours after insertion. A 14-day washout was maintained between the study periods.
The second study, which occurred approximately 7 months later, was approved by the Research Ethics Committee. Sixteen women from the first phase 1 study were randomly selected to participate only after their willingness and consent for participation in this re-dosing study was obtained. Participants were re-treated with a 25-mg E2 vaginal softgel capsule using the same protocol as the first study, except that women were required to be ambulatory or remained seated for 4 hours after a 5-minute rest period after insertion; they were not allowed to lie down. Effect of body position (supine vs ambulatory/seated) was compared for the same 16 women enrolled in both phase 1 studies.
PHYSICAL FEATURES OF SOFTGEL VAGINAL INSERT
In both studies, participants were not blinded to treatment since PK profiles are not subjective measurements; however, bioanalytical analysts were blinded to the randomization during the course of the analysis and until the statistical analysis.
The primary PK variables analyzed for E2 in both studies were peak plasma concentration (C max ) and area under the plasma concentration-time curve from 0 to 24 hours (AUC 0-24 ); a secondary outcome was time to peak plasma concentration (t max ). A total of 13 blood samples for each woman was collected before dosing (À1, À0.5, and 0 hours) and post-dose (1, 2, 4, 6, 8, 10, 12, 14, 18 , and 24 hours). E2 in plasma was determined using a validated HPLC-tandem mass spectrometry (HPLC-MS/MS) method (E2 concentration reference range, 2.0-703.2 pg/mL).
Capsule assessment in a phase 2 study
This phase 2, pilot, randomized, double-blind, placebocontrolled trial evaluated the safety and efficacy of the 10-mg E2 softgel vaginal insert in postmenopausal women; primary results have been previously published. 22 Eligible women had generally good health, age 40 to 75 years, BMI of 34 kg/m 2 or less superficial cells of 5% or less on vaginal cytology, vaginal pH of more than 5.0, and were experiencing at least one self-assessed moderate to severe symptom of VVA (defined as vaginal dryness, vaginal pain or bleeding with sexual activity, vaginal or vulvar irritation or itching, or dysuria). Exclusion criteria were similar to those for the phase 1 studies. Women were randomized 1:1 to 10-mg E2 or matching placebo vaginal insert, which was self-administered daily in the morning for 14 days; there were no restrictions on movement after insertion. The study was approved by an institutional review board and women gave written informed consent before participating in the study. The study was blinded to investigators, sponsor, monitors, clinical site's personnel, and participants to minimize bias.
Results of primary endpoints included changes from baseline to day 15 in vaginal cytologic parameters, vaginal pH, most bothersome VVA symptom, vaginal bleeding during sexual activity, change in the vaginal mucosa, and safety. 22 As part of the trial's safety assessments, the vaginal vault was visually examined by the investigators to assess for remnants of the softgel capsule on day 1 (6 hours after first insertion) and day 15 (24 hours after last insertion); these results and any Medical Dictionary for Regulatory Activities (MedDRA) reproductive system and breast disorders adverse events (AEs) are reported here.
Statistical analyses
In the in vitro study, the mean percentage of estradiol dissolution was reported as an average of the six samples at each time point.
In the phase 1 studies, determination of the sample size was determined by considering the treatment ratio, intraparticipant coefficient of variation (%), significant level (a), power, and bioequivalence limits. Using the PK parameters from the 16 participants from the first phase 1 study (supine) randomly selected for the second phase 1 study, there was approximately 78% power in determining bioequivalence when compared to the PK results in the second phase 1 study (ambulatory).
PK parameters for the two phase 1 studies are reported with descriptive statistics (arithmetic mean, geometric mean, median, minimum/maximum, standard deviation, and coefficient of variation). Analysis of variance was performed on the C max and AUC 0-24 . Significance was assessed by geometric mean ratio (%) and 90% confidence interval (CI). The CI for the geometric mean ratio was based on paired t tests. All concentration values below the lower limit of quantification were set to 0 for all PK and statistical calculations. Baseline concentrations were determined for each dosing period and baseline corrections were participant and period specific. The method for baseline correction was arithmetic, with the mean of the three predose concentrations (at À1, À0.5, and 0 hours) being subtracted from all the postdose concentrations. If a negative concentration value resulted after baseline correction, this was set to zero. Statistical analyses were performed using SAS v9.2. Bioanalyses were conducted at Micro Therapeutic Research Labs Private Limited (Chennai, India).
In the phase 2 study, descriptive statistical analyses are presented here for the evaluation of capsule remnants and reproductive system and breast disorders adverse events.
RESULTS
In vitro study
In vitro dissolution testing of the softgel capsules detected more than 80% (range, 81%-88%) of the E2 included in the softgel capsule in the dissolution medium within 15 minutes and more than 89% (range, 89%-94%) by 120 minutes (Fig. 1) .
Effects of body position on E2 bioavailability
From the 36 women enrolled in the first PK study, 16 were also enrolled in the second study; all 16 women completed both studies. These 16 women had a mean age of 50 years (range, 44-58 years) and BMI of 25.8 kg/m 2 (22.2-29.9 kg/m 2 ); all were of Asian race. 
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The 25-mg E2 softgel vaginal inserts resulted in peak E2 plasma concentrations at approximately 2 hours (Table 1) ; no significant differences were observed between women who remained supine compared with those who were ambulatory or remained in a seated position for baseline-corrected E2 plasma levels (Fig. 2) . PK parameters were also not significantly different for the supine versus ambulatory/seated groups.
Capsule assessment in a phase 2 study
In the phase 2 study, 50 women were randomized to the 10mg E2 softgel capsule (n ¼ 24) or placebo (n ¼ 26); 2 women receiving placebo did not complete the study. Participants who completed the study (n ¼ 48) had a baseline mean age of 62.5 years (range, 46-75 years) and mean BMI of 27.0 kg/m 2 (range, 19.0-33.0 kg/m 2 ); most women were white (92%) and fewer women were African American (6%) or Asian (2%).
Visual examination of the vaginal vault on day 1 (6 hours after first insertion) and on day 15 (24 hours after last insertion) did not detect any remnants of the softgel capsule ( Table 2) . One woman (1/48; 2.1%) treated with the softgel capsules (n ¼ 1, TX-004HR) had mild vaginal discharge considered possibly related to study drug, which began on study day 14 and resolved by day 23. Other adverse events of the reproductive system and breast disorders were vaginal hemorrhage, vulvovaginal discomfort, burning sensation, or pain, and vaginal or cervical dysplasia and hot flushes ( Table 3 ). Mild hot flushes were reported as being definitely related to treatment in one woman and not related in another woman; women neither reported having hot flushes at baseline nor any other adverse events during the study. No breast disorder adverse events were reported.
DISCUSSION
The softgel capsule vaginal insert was designed to be mucoadhesive and rapidly dissolving to release the drug quickly and absorb fully, which may minimize messiness during application. Similar PK parameters were observed in clinical studies in both the supine and seated/ambulatory positions, presumably due to the mucoadhesive gelatin polymers in the capsule shell and the viscosity of the fill material. The results suggest that the formulation allows for flexible timing and positions for dosing. 10 Furthermore, data from the in vitro study demonstrated that the gelatin capsule shell ruptured and significant dissolution of the soft gelatin capsule occurred within 15 minutes. Complete dissolution of the capsule within 6 hours of insertion, as observed in the phase 2 study, makes the solubilized E2 included in the capsule available for absorption to the vaginal mucosa.
While not clinically meaningful or significantly different, the C max and AUC were numerically higher in women who were ambulatory or seated compared with those who remained supine. This may be due to the small number of participants, and/or the fact that the data were not collected in the same study. It is also possible that these data are related to an increase in vaginal surface area coming into contact with the estradiol as the women moved around or an increase in blood flow with activity.
Manually placing the estradiol softgel vaginal insert into the lower third of the vagina may play a role in its rapid onset of action, providing estrogenization of the tissues in and around the vagina including the vulva and vestibule. Furthermore, capsule placement into the lower third of the vagina, may limit the transfer of estrogen to the uterus. 23 Placement of estrogen products into the upper third of the vagina (such as AUC 0-24 , area under the plasma concentration-time curve from 0 to 24 hours; C max , peak plasma concentration; GMR, geometric mean ratio (study 1/study 2); SD, standard deviation; t max , time to peak plasma concentration. 
PHYSICAL FEATURES OF SOFTGEL VAGINAL INSERT
products placed with an applicator) may allow for the distribution of estrogen to the uterus via a ''first uterine pass effect'' through the close proximity of veins and arteries, 23, 24 potentially increasing the risk of endometrial effects of estrogens such as hyperplasia or cancer. 25 Using the estradiol softgel vaginal inserts may address some of the inconveniences women have reported with other vaginal estrogens. In the REVIVE (Real Women's Views of Treatment Options for Menopausal Vaginal ChangEs) survey, US postmenopausal women with VVA and/or symptoms of VVA reported being concerned about the inconvenience and messiness of vaginal products prescribed for treating VVA and its symptoms. 7 Another US survey reported similar results, with women reporting messiness, not having time needed for the application, or the application process being generally unpleasant. 26 Most Food and Drug Administrationapproved treatments for VVA, including Vagifem (E2 vaginal insert), Intrarosa (prasterone vaginal insert; AMAG Pharmaceuticals Inc, Waltham, MA), Estrace (E2 vaginal cream; Allergan USA Inc, Madison, NJ), and Premarin (conjugated estrogens cream; Wyeth Pharmaceuticals Inc, a subsidiary of Pfizer, Philadelphia, PA), require an applicator for dosing, unlike Imvexxy. [13] [14] [15] [16] In contrast, a study of patient satisfaction with the softgel vaginal insert reported that more than 85% of women found it easy to use, and significantly more users of all E2 doses (4, 10, and 25 mg) were ''satisfied'' or ''very satisfied'' compared with placebo and preferred the softgel product over their previously used treatments. 27 Overall, only one case (2.1%, 1/48) of vaginal discharge possibly related to study drug was reported in the phase 2 capsule assessment study. A similar vaginal discharge rate (3.7%; 28/764) was observed in the phase 3 REJOICE trial, although a higher rate for vaginal discharge was observed in the placebo group (6.8%, 13/192) than in the TX-004HR groups (4 mg, 2.6% [5/191], 10 mg, 3.1% [6/191] , and 25 mg, 2.1% [4/190] ). 11 Similar to the pilot study, most AEs in the REJOICE trial were mild to moderate, and no participants discontinued because of vaginal discharge AEs.
CONCLUSIONS
These data show rapid in vitro dissolution of the study drug, comparable E2 PK parameters regardless of patient positioning after dosing, and complete disappearance of the softgel capsule by 6 hours after administration. In conjunction with phase 3 data showing significant improvements in dyspareunia, vaginal dryness, and objective measures of vaginal atrophy (vaginal pH, percentage of superficial and parabasal cells), 11 our results suggest that the physical characteristics of the softgel capsule reported here may help overcome some of the drawbacks of currently available vaginal estrogen products. 
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